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© An electro-distortion device used, for exampje, 
as an actuator in a dot matrix printing head Includes 
a stack of laminations (21) made of an electro-" 
distortion material such as a piezo-electric ceramic 
material, with respective electrodes (22) sandwiched 
between successive laminations, such that the ap- 
plication of an electrical potential difference across 
the or each lamination brings about a change in the 
extent of the stack, along its stacking axis. In order 
that short circuiting between respective electrodes is 
prevented, the electrodes and the laminations are 
surrounded by an insulating material (23) such as an 
epoxy resin, which is in turn preferably encased in 
metal (31). 



Fig. I 




#1 



23 



-31 

1 24 lt4 



Q. 

LU 



Rank Xerox (UK) Business Services 

(3.10/3.09/3.3.4) 

09/25/2002, EAST Version: 1.03,0002 



$ 

■* 

1 

1 EP 0 587 192 A1 2 



This invention relates to electro-distortion de- 
vices which are used, for example, as actuators in 
dot matrix printing heads. 

Recently, high-speed wire-dot printing heads 
have become widely used and, accordingly, in or- 
der to drive the dot-impact wires or rods ot such 
high speed printing heads, actuators comprising 
electro- or magnetic-distortion devices have been 
developed and used instead of electromagnet type 
drive elements. 

The use of such electro-distortion devices in a 
printing head has been proposed in "NIKKEI (Ja- 
pan Economic) MECHANICAL", page 92, March 
12, 1984, for example, the proposed electro-distor- 
tion device being made by the steps of: preparing 
a plurality of green sheets made of piezo-electric 
ceramics, forming a metal paste film on one of the 
surfaces of each of the green sheets to form an 
inner electrode, and laminating and sintering the 
plurality of green sheets. 

A printing head using such an actuating device 
must be provided with means for effectively enlarg- 
ing the very small displacements of such an actuat- 
ing element so as to drive the dot-impact wires or 
rods adequately. 

A dot-matrix printing head may include an ar- 
ray of dot-printing devices operable selectively to 
cause respective dot-defining portions thereof to 
impinge on a printing medium to cause respective 
dots to be printed. 

JP-A-59-1 6767 proposes a dot-printing device, 
suitable for use in such a dot-matrix printing head 
to achieve such enlargement, which device may be 
considered to comprise a flexible member, fixed at 
one end thereof to a support structure of the head 
and having at its other end the said dot-defining 
portion of the device, and also to comprise an 
electrically controllable actuator operable to impose 
movement on the flexible member, substantially 
perpendicular to the main plane of that member, at 
an actuating position thereon so as to bring about 
such impingement of the dot-defining portion of the 
device, the flexible member being laminar in form, 
at least In the region between the said one end and 
the actuating position, and the distance of the said 
actuating position from the said one end of the 
flexible member of the device being small in com- 
parison with the distance of the actuating position 
from the said dot-defining portion of the device. 

A suitable form of dot printing device is pro- 
posed in US-4,362,407, which employs an actuator 
substantially including an electro-distortion device 
comprising a stack of laminations made of an elec- 
tro-distortion material with respective electrodes in- 
cluded at different positions in the stack, each of 
which electrodes is sandwiched between two suc- 
cessive laminations of the electro-distortion ma- 
terial, and externally accessible connection means 



operable to apply an electrical potential between 
successive electrodes in the stack, thereby to bring 
about a bending deflection in the stack, with the 
deflection being perpendicular to the stacking axis. 
5 In such a known electro-distortion device, how- 

ever, unsatisfactory operation may occur in damp 
or humid environments. 

According to the present invention there is 
provided an electro-distortion device comprising a 
w stack of laminations made of an electro-distortion 
material with respective electrodes included at dif- 
ferent positions in the stack, each of which elec- 
trodes is sandwiched between two successive lami- 
nations of the electro-distortion material, and exter- 
15 nally accessible connection means operable to ap- 
ply on electrical potential between successive elec- 
trodes in the stock, thereby to bring about a 
change in the extent of the stack along its stacking 
axis, characterised in that the stack is surrounded 
20 with insulating material. 

Reference will now be made, by way of exam- 
ple, to the accompanying drawings, in which: 

Figure 1 shows a longitudinal sectional view of 
an electro-distortion device embodying the 
25 present invention; 

Figure 2 shows a partial perspective view of a 
printing head, in which the device of Figure 1 
may be employed; and 

Figures 3A and 3B show plan and side views 

30 respectively of a printing device used in the 
printing head of Figure 2. 
Figure 1 illustrates an electro-distortion device, 
embodying the present invention, which is suitable 
for use in an actuator for driving a dot-impact 

35 printing wire or rod in a printing head. This electro- 
distortion device comprises a plurality of sheets 21 
which are made of an electro-distortion material 
such as a piezo-electric ceramic, stacked together 
with laminar electrodes 22 therebetween. A first 

40 group of alternately arranged electrodes 22 are 
connected to a lead 24a and insulated from the 
other electrodes 22 by beads 25 which are made 
of an electrically insulating material, such as glass. *. 
The other group of alternate electrodes 22 are 

45 connected to a second lead 24b and insulated from 
the first group of electrodes 22 in the same manner 
as above. The laminations comprising the sheets of 
electro-distortion material 21 and the electrodes 22 
are enclosed within an insulating resin material 23, 

so such as an epoxy resin. 

In use, an operating voltage is applied between 
the leads 24a and 24b, causing longitudinal elec- 
trostrictive expansion or contraction of the stock of 
laminations. 

55 In the device of Figure 1, the insulating resin 

material 23 is itself also enveloped in a metal cover 
31 . This metal cover 31 can be formed by vaporiz- 
ing an appropriate metal, such as aluminium, onto 
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the insulating resin material 23, thus inhibiting the 
ingress of moisture into the electro-distortion de- 
vice by virtue of the high moisture-proof char- 
acteristics of such a metal cover. The insulating 
resin material 23 prevents short-circuits between 
adjacent electrodes 22 that would otherwise be 
caused by the metal cover 31. As a result, the 
groups of electrodes 22 are not prone to becoming 
electrically connected to each other due to migra- 
tion effects, for example, even if the device is used 
in a moist environment, ensuring that the device 
has a desirably high inherent reliability. 

Figure 2 shows a printing head 10 of a dot- 
impact printer suitable for employing an electro- 
distortion device embodying the invention as an 
actuator 3. The printing head 10 comprises a cylin- 
drical housing 20 and a plurality of printing devices 
30 arrayed around and extending radially within the 
cylindrical housing 20. 

AS shown in more detail in Figures 3A and 3B, 
each of the devices 30 comprises a base member 
1 , a movable member 1 1 , and an actuator (electro- 
distortion device) 3. The movable member 1 1 com- 
prises a flat leaf spring made of an appropriate 
resilient material having one end rigidly secured to 
the base member 1 at a fixing position B and a 
free remote end on which a dot-printing member 
(dot-printing pin or wire) 4 is mounted. A predeter- 
mined number of such dot-printing members 4 
cooperate to constitute a dot matrix. As may be 
seen in the plan view of Figure 3A, the movable 
member 11 is gradually tapered, along substan- 
tially its entire length, from the fixing portion B to 
the free end thereof. 

The actuator 3 has one end (the bottom of the 
stack of laminations) rigidly secured to the base 
member 1 and the other end (the top of the stack 
of laminations) connected via a connecting member 
5 to the movable member 11 at an actuating posi- 
tion A thereof. The actuating position A is relatively 
near to the position B at which the movable mem- 
ber 1 1 is fixed to the base member 1 . 

As seen in the plan view of Figure 3A, the 
region of the laminar movable member 11 that 
extends from the actuating position A to the fixing 
position B comprises two substantially triangular 
portions arranged laterally adjacent to one another, 
each of the portions having a base at the fixing 
position B and a truncated apex at the actuating 
position A. These two lateral portions are sepa- 
rated, as seen in the plan view, by a triangular-form 
aperture 12, having a base at the actuating position 
A and an apex at the fixing position B or in the 
vicinity thereof. In general, at least one such trian- 
gular-form aperture is desirable. As shown in the 
plan view of Figure 3A, the remaining part of the 
movable member 1 1 is gradually tapered from the 
actuating position A to the free end thereof. 



When printing, electric power is supplied via a 
drive circuit (not shown) to the actuator 3 for a 
predetermined time. This causes the actuator 3 to 
be distorted in the upward direction (i.e. perpen- 

5 dicular to the flat movable member 11), thereby 
upwardly displacing the movable member 11 at the 
actuating position A. The movable member 11 is 
thus resiliently deformed between the actuating po- 
sition A and the fixing position B, so that the 

10 movable member 11 is bent in a clockwise direc- 
tion, as shown in Figure 3B, about a centre of 
rotation (0 2 ) near to the fixing position B. Owing to 
this movement of the movable member 1 1 , the dot- 
printing member 4 is moved upward as shown by 

75 on arrow P in Figure 3B to perform a printing 
operation. The electric power supply to the actuator 
3 is stopped just before the completion of the 
printing operation, and thus, after completion of 
printing, the movable member 11 is returned to its 

20 original position by the actuator 3. 

Further details of the printing head described 
above will be found in European potent application 
no. 89306778.5, out of which the present applica- 
tion has been divided. 

25 

Claims 

1. An electro-distortion device comprising a stack 
of laminations (21) made of on elect ro-distor- 

30 tion material with respective electrodes (22) 

included at different positions in the stack, 
each of which electrodes is sandwiched be- 
tween two successive laminations of the elec- 
tro-distortion material, and externally accessi- 

35 ble connection means (24a, 24b) operable to 

apply an electrical potential between succes- 
sive electrodes in the stack, thereby to bring 
about a change in the extent of the stack along 
its stacking axis, characterised in that the stack 

40 is surrounded with insulating material (23). 

2. A device as claimed in claim 1, wherein the 
said insulating material (23) is enveloped by a 
metal cover (31 ). 

45 

3. A device as claimed in claim 2, wherein the 
said metal cover (31) has been formed by 
vaporising the metal onto the said insulating 
material (23). 

so 

4. A device as claimed in claim 2 or 3, wherein 
the said metal cover (31) is made of alumin- 
ium. 

55 5. A device as claimed in any one of claims 1 to 
4, wherein the said electro-distortion material is 
a piezo-electric ceramic. 
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6. A device as claimed in any one of claims 1 to 
5, wherein the said insulating material (23) 
comprises an epoxy resin. 
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